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Abstract 
This paper investigates equity interconnection by analyzing dynamic links and 
volatility spillover effects between selected stocks of high liquidity from the major regulated 
European equity markets. A bivariate GARCH-BEKK model is used to study this interaction. 
By applying the volatility transmission methodology to company level rather than stock 
indices, the paper deepens our understanding of integration dynamics. The results provide 
evidence of a high level of dependence between these stocks and, given their high contribution 
to daily transactions in each market, they also imply a high level of dependence between these 
markets. This level of interconnection affects both market participants and competent market 
authorities. However, according to this evidence, there remains room for stronger stock 
interconnection and market integration within the EU. 
Keywords: equity interconnection, European equity market, volatility spillover, GARCH-
BEKK 
 
1. Introduction 
 
European Union (EU) capital markets have been on the receiving end of a 
raft of measures aimed at establishing a unified regulatory framework for their 
operation. Starting with the Listing Admission Directive of 1979 and the “principal 
of home country control” for investment service companies (ISCs) in 1985, the 
Investment Services Directive [1] (ISD) in 1996 constituted a landmark in the 
context of the EU principles of mutual recognition, minimum harmonisation, single 
licence and single supervision, a special case of a “European passport” (L’ Heveder, 
1996, Tarnanidou, 2007). Equally important landmarks were the Financial Services 
Action Plan [2] (FSAP), which specified significant harmonisation measures for the 
period 1999-2005, coupled with the adoption of the “Lamfalussy process” at the end 
of 2001, which established a faster and more flexible procedure for EU equity 
market harmonisation [3]. New developments have emerged since November 2007, 
through the implementation of the Markets in Financial Instruments Directive [4] 
(MiFID), which enriched the products and services, the ISC activities by introducing 
the “many markets principle” (Raffan, 2006), professional practices, investor 
protection and market efficiency, with the ultimate aim of establishing a single 
market in financial instruments within the EU domain. EU capital markets have also 
been significantly affected by the European monetary union with the introduction of 
the Euro in 1999, (Detken and Hartman, 2000, 2002, Perée and Steinherr, 2001) and 
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the implementation of the international financial reporting standards for all listed EU 
companies since 2005. The consequences of these developments for European 
capital markets are manifold. They signal substantial EU - wide liberalisation in the 
investment services sector, convergence of Eurozone interest rates, reduction of 
exchange rate volatility and risk, (Adjaoute and Danthine, 2003, Hartman et al., 
2003), lower cost of cross country transactions, reduction of statutory, legal, tax, 
ownership and technical barriers to international investment and execution of 
transactions which prevent market integration (Errunza and Losq, 1985, Eun and 
Janakiramanan, 1986, Cooper and Kaplanis, 2000). The quality and spillover of 
information and price transparency have also improved. Investors take a pan-
European approach in selecting stocks by considering the whole spectrum of EU 
markets rather than being restricted to a local market. Exchanges, following their 
privatization, as well as ISCs, implement market networking and reduce their 
operational costs (Domowitz and Steil, 1999), expand their business in many EU 
markets, consolidate and increase in size, achieving economies of scale. All these in 
turn enhance the breadth, depth and liquidity of the EU capital markets (Danthine et 
al., 2001, Fratzscher, 2002).  
  It becomes evident that an important extension of these developments refers 
to the deepening of capital market interconnection and co-movement across the EU 
countries, reinforcing the effects on international portfolio diversification, 
international asset pricing, risk management and management of investor portfolios. 
Evidence indicates that market dependence has risen within the Eurozone area since 
the late nineties (Booth et al., 1997, Alexander, 2001, Engle, 2002, Moloney, 2002, 
Melle, 2003, Billio and Pelizzon, 2003, Savva et al., 2004, Bekaert et al., 2002, 
2005, Goetzmann et al., 2005, Berben and Jansen, 2005, Baele, 2005, Bartram and 
Karolyi, 2006, Cappiello et al., 2006, Hardouvelis et al., 2001, 2006, Jondeau and 
Rockinger, 2006, Patton, 2006a,b, Bartram et al., 2007). However, it is important to 
note that, as yet, equity market dependence tends to be concentrated in major EU 
markets, full integration is still hindered, while high market dependence does not 
embrace smaller EU equity markets (Bartram et al., 2007). Despite the financial 
integration measures undertaken and the absence of foreign exchange risk, 
remaining capital market imperfections and lack of stronger harmonisation result in 
significant barriers to EU wide investment, reduced market attractiveness to 
international investors and hence prevention of a stronger equity market co-
movement, enhancement and enrichment of market dependence in the euro area [5]. 
 This paper also addresses the question of equity market dependence in the 
EU, which should be increasing as a result of continuing deregulatory initiatives. It 
aims at adding to the findings higher up on EU equity market dependence. It 
concentrates on the period, 2002-2007, which so far represents the most mature 
stage for EU markets. Furthermore, as MiFID marks a new era, expected to further 
speed up the integration process, this paper’s evidence could be useful, now and in 
the future. As the measure of market interconnection, it follows a generally accepted 
route and quantifies integration as the information spillover or volatility 
transmission of stock price returns across national boundaries. It estimates volatility 
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transmission across a sample of thirty European companies belonging to ten 
industrial sectors, from 2002 to 2007. Cohorts of five companies per country are 
used. The analysis uses a VAR-GARCH model, which has the BEKK specification, 
and it is estimated across each pair of company stocks. Shocks to each pair of stocks 
are modelled as exogenous variables in the conditional variance equation, and it is 
these coefficients that are reported and analysed in the paper. The main contribution 
made in this paper is the application of the volatility transmission methodology at 
company level rather than the standard country level indices. This helps to deepen 
our understanding of integration dynamics in terms of stocks and sectors that 
dominate the integration process. It provides additional insights if one takes into 
account that each EU market does tend to be dominated, in terms of capitalization 
and daily transactions, by a very small, single figure, number of stocks. In addition, 
this, complementary to index, equity analysis helps in deriving more robust 
conclusions on the attractiveness of equity markets to institutional investors and the 
resulting flow of investment. Evidence on EU markets for 2007 provided by FESE 
(2009) [6], indicates that despite a lower index interconnection for some of them and 
market imperfections, their attractiveness has risen as foreign investors have come to 
dominate them in recent years. Furthermore, for certain highly interconnected EU 
markets, a lack of dynamism is depicted today. Table 1 shows that, the participation 
of foreign investors stood between 60% and 70% for the Netherlands, Ireland, 
Finland and Switzerland, 51,8% for Greece, between 40% and 45% for Portugal, 
France, Norway and the United Kingdom, between 36% and 39% for Belgium, 
Sweden and Spain, around 30% for Austria and Denmark, while a rather low foreign 
ownership is depicted for Germany, at 21,3%, and Italy at 13,9%. 
 
Table 1. Foreign investor participation in the capitalisation of European regulated 
markets (%) 
Country 1999 2007 
Change 
1999-
2007 
Country 1999 2007 
Change 
1999-
2007 
The 
Netherlands  71,0  Norway 33,8 40,8 +7,0 
Ireland  67,0  United Kingdom 33,0 40,0 +7,0 
Finland 63,6 61,6 -2,0 Belgium 31,7 38,7 +8,0 
Switzerland 40,2 60,2 +14,0 Sweden 36,9 38,0 +1,1 
Greece 22,0 51,8 +29,8 Spain 35,2 36,7 +1,5 
Portugal 42,5 44,8 +2,3 Austria 29,4 30,6 +1,2 
France 38,3 41,1 +2,8 Denmark 26,2 30,2 +4,0 
  Germany 14,3 21,3 +7,0 
    Italy 15,8 13,9 -1,9 
Source:  FESE (2009) 
 
What is more, during the 1999 to 2007 period, this participation has 
increased from 35,9% to 41,6% for all these markets (+5,7 points), while it is 
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stronger for certain individual markets (Greece +30 points, Switzerland +14 points, 
Belgium +8 points, Germany, UK and Norway +7 points each). The markets of 
Portugal, France, Spain, Austria and Denmark depict a rise of between 2 to 4 points, 
while the markets of the Netherlands, Finland and Sweden keep their general 
positions. The exception seems to be the Italian market where the low foreign 
participation was reduced by about 2 points. In general, although the degree of 
internationalisation and globalisation of European markets in terms of share 
ownership was already important before significant integration measures and the 
entry of the Euro, the trend towards higher ownership by foreign investors is clearly 
growing. 
 By applying our time varying model to assess the level of dependence 
between equities in major EU markets, we derive a high degree of equity 
interconnection depicted through strong effects from one European stock to the 
other, as well as through significant feedback effects between stocks. Furthermore, it 
is derived that the stocks of the banking sector are foremost in equity 
interconnections, in accordance with significant harmonisation measures undertaken 
in this sector, followed by the stocks of the telecommunications sector and those of 
the energy sector. These are succeeded by the insurance and pharmaceuticals 
sectors. In terms of markets, it is the French equity market that depicts the highest 
equity interconnection, followed in sequence by the British, the German, the 
Spanish, the Scandinavian and the Italian market. In terms of single equity, France 
Telecom, AXA, Royal Bank of Scotland, Danske Bank, Vodafone, BSCH, Totalfin 
Elf, Siemens and SAP A.G. present the highest number of interconnection effects. 
The analysis also provides detailed evidence in terms of the stronger leading stock 
for each bilateral relationship [7]. In general, this high equity dependence seems to 
reflect the increased integration of equity markets and economies derived in the 
above mentioned studies. However, it becomes evident that it is certain economic 
sectors of the EU that, as of now, depict and support this interconnection, along with 
the fact that this refers to stocks with the largest capitalisation and tradability within 
the EU. Furthermore, even among these stocks, interconnection is observed to be 
weak or absent in a significant number of cases. Also, despite the fact that these 30 
stocks capture almost 50% of EU equity capitalisation and even higher daily equity 
market liquidity, this in turn should imply a lower degree of equity interconnection 
for the remaining listed shares, which form the vast majority in these markets. The 
combination of remaining market imperfections during the period under review, 
along with expected lower tradability and increased liquidity costs for this group of 
equities, would seem to imply a residual structural problem in European equity 
markets, restricting a wide equity interconnection. [8] 
 The rest of the paper is structured as follows: Section 2 refers to the 
rationale for equity market integration and to the empirical approach suggested for 
its testing on EU equities. Section 3 relates to data description and empirical 
methodology, section 4 refers to the empirical results and, finally, section 5 draws 
the conclusions and policy implications. 
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2. Equity market co-movement and the empirical approach to European equity 
dependence 
 
Equity market interconnection and dependence is of great interest for both 
market participants and economists. As it grows, it is expected to facilitate the 
efficient use of funds through the widening of opportunities for international 
portfolio investment, affect investment behaviour portfolio selection and asset 
pricing, and lastly, contribute to economic growth (Demirguc-Kunt and Levine, 
1996, Levine and Zervos, 1998, Beck et al., 2000, Carettoni et al., 2001, Bartram 
and Dufey, 2001). Approaching equity market dependence from an operational 
viewpoint, progress implies converging investment opportunity sets across countries 
and lack of investment barriers affecting investor’s portfolio choices and companies’ 
financial decisions. It implies that the pricing of a stock in a local market comes to 
be determined by the same international risk factors, common to markets in all 
countries, instead of local ones, as all investment assets presenting similar risk levels 
require the same return irrespective of the country of origin (Errunza and Losq, 
1985, Eun and Janakiramanan, 1986, Cooper and Kaplanis, 2000, Bartram and 
Karolyi, 2006). An investor becomes indifferent with regard to the choice of market, 
since, for the same level of risk, he is to receive the same level of return (Bekaert 
and Harvey 2003). Equity market integration can change over time (Bekaert and 
Harvey, 1997, Hardouvelis et al., 2001, 2006). In addition, evidence indicates that 
developed markets are associated with higher capitalisation and liquidity ratios and 
lower equity return volatility (O’Hara, 2001, Levine and Zervos, 1998, Demirguc-
Kunt and Levine, 1996, Schwert 1989). Equity market integration also contributes to 
this tendency as it reinforces certain desired characteristics such as market liquidity, 
efficiency, transparency, technology utilisation and economies of scale. As smaller 
or segmented markets lack such characteristics, integration acts as a driving force 
for local market participants –exchanges and investment service companies- to 
change their structure, expand beyond their market, thus fostering market 
consolidation. It should be stressed that the benefits stemming from stock market 
integration outweigh possible disadvantages in terms of portfolio differentiation, as 
these seem to be offset by the reduction of risk obtained through equity market 
integration. 
The degree of equity market dependence is empirically tested by various 
methods, such as the international asset pricing models which can also incorporate 
the exchange rate risk in systematic risk factors models (Solnik, 1974, Roll, 1977, 
Stulz, 1985, Dumas and Solnik, 1995, Levine, 1998, Heimonen, 2002, Hardouvelis 
et al., 2006), the cointegration approach (Becker et al., 1992; Kanas, 1998, 
Aggarwal et al., 2003), contagion effects (Calvo and Reinhart, 1996, Bekaert et al., 
2005) and spillover effects (Koutmos and Booth, 1995, Bekaert and Harvey, 1995, 
Booth et al., 1997, Savva, 2004, Baele, 2005), not to mention also new 
methodologies estimating time-varying copula dependence models for equity market 
indices (Patton, 2006a,b, Bartram et al., 2007). Concentrating more on spillover 
effects, these are used to detect equity interconnection or segmentation through the 
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power of information flow from one equity to the other. Furthermore, since 
information spillovers between equity markets can be related not only to returns but 
also to volatility (Tauchen and Pitts, 1983, Ross, 1989), studies tend to concentrate 
on volatility spillovers as higher moments seem to provide more conclusive results. 
They analyse the causal relationship between second order trends for each equity 
market with the rest of the equity markets. A bi-directional volatility spillover 
between two markets implies that a market is affected by the conditional volatility of 
another market while the latter also feeds back the conditional volatility of its own 
market. Also, evidence is uniform on the existence of significant volatility spillover 
effects between equity markets, whether in relation to the bigger stock markets in 
Europe or globally (Working, 1970, Engle et al., 1990, Theodossiou, 1994, Koutmos 
and Booth, 1995, Booth et al., 1997, Kanas, 1998, Baele, 2005). This approach is 
adopted in the present paper since volatility spillovers could imply a significant 
effect for a market originating from another market. This information flow and its 
direction between European equity markets can be of particular interest as 
continuous volatility spillovers can be used by market participants for designing 
investment policies, by market operators in discovering synergies and implementing 
alliances, as well as by the authorities in designing market legislation and measures 
to facilitate integration.  
  
3. Data Description and Empirical Methodology  
 
This study investigates the relationship of second moments between the thirty 
most traded stocks in the six largest and most liquid European equity markets, 
namely, Euronext Paris, London Stock Exchange, the Spanish Exchanges, Deutsche 
Börse, OMX Copenhagen and Borsa Italiana. These markets capture the largest part 
–approaching 90%- of daily EU transactions. Our intention was to pick the most 
liquid stocks, and additionally to arrive at a significant liquidity threshold for each 
market. Our investigation showed that when selecting up to five stocks per market, 
these add up to a high percentage of liquidity, while the addition of more stocks does 
not lead to a significant differentiation of this proportion, let alone the need for 
securing the presence of these stocks throughout the period examined. [9] So, five 
stocks are selected from each market, while each subset of these thirty shares 
captures from 30% to 70% of each market’s daily liquidity. [10] It is therefore 
expected that the empirical results will not only provide useful evidence on the 
degree of integration of the examined stocks and sectors, but also an indication of 
the dependence of these six major European markets. It should also be stressed that 
this stock analysis aims at enriching the results in terms of EU regions, companies 
and sectors, deepening our understanding of interconnection dynamics and 
complement analyses based on equity market indices. This is expected to be useful 
to market participants as they could capture different degrees of reaction for 
different stocks and sectors, in new information.  
The data used refers to daily close-to-close returns of thirty stocks, shown in 
Table 2, (see APPENDIX) trading in the above mentioned exchanges located in EU 
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member states. Out of these shares, 8 belong to the banking sector, 6 to energy, 6 to 
telecommunications, while the rest belong to insurance, pharmaceuticals, mining, 
manufacturing, electronics software and industrials. The reviewed period is from 
January 2, 2002 to November 09, 2007. This selected five year period incorporates 
all measures and actions to foster capital market integration and therefore it seems 
the most appropriate to act as a benchmark for the future, following the MiFID 
implementation since November 2007. It also provides an adequate number of 1,482 
observations for each equity. When a holiday occurs, the observation of the previous 
day is used in its place. Alternatively, when a holiday period occurs (more than one 
day), the arithmetic average of the observations before and after this period is used. 
Also, according to the literature (Hamao et al., 1990, Theodossiou and Lee, 1993, 
Kanas, 1998), adjustments for dividends are not expected to differentiate the results. 
Furthermore, the trading hours of the European markets have become common 
during the last decade, allowing for more efficient information transmission.  
Summary statistics of daily returns and the logarithmic first differences of daily 
close-to close prices for each of the thirty stocks are presented in Tables 3 and 4 (see 
APPENDIX). In all cases, the results indicate significant kurtosis, both positive and 
negative excess skewness indicating that the series are leptokurtic. Also, the Jarque-
Bera (1980) statistics are indicative of a strong rejection of normality in all price 
series distributions. There is considerable variation both in mean returns and 
standard deviations, providing an initial view of volatility. Ljung-Box Q(12) and 
Q2(12) (Ljung-Box, 1978) tests suggest the existence of serial correlation and 
heteroscedasticity in the series. All these indicate that the Generalized ARCH model 
is the most appropriate to capture these inefficiencies of the series. Stationarity of 
the price series is examined using the Augmented Dickey-Fuller (1981) and the 
Phillips and Perron (1988) unit root tests. The results indicate that all series have a 
unit root on the log-levels and all are first difference stationary.  
Looking at spillover methodology, a volatility spillover from one stock to 
another implies that a stock is being seriously affected by volatility transmission, 
which comes from another stock’s information release. When paired stock prices are 
found to be stationary in first-differences, I(1), then causality must exist in at least 
one direction (Granger, 1988). In other words, if variable (series) s1 causes variable 
(series) s2, then changes in s1 should precede changes in s2, implying that there are 
lead-lag relationships in any pair of trading stocks (Granger, 1988). If both variables 
(series) cause each other then, according to Granger (1988), there is a bi-directional 
relationship (feedback) between s1 and s2 stocks. A parsimonious VAR model is 
applied in order to test for causal dynamics and look for possible lead-lag 
relationships of the stocks. As this approach has been considered by the literature to 
be the most appropriate to provide consistent results about the volatility transmission 
effects, a large number of articles have contributed to the theoretical and 
methodological background of this study (Domowitz and Hakkio, 1985, Hsieh, 
1985, Engle and Bollerslev, 1986, McCurdy and Morgan, 1988, Diebold and 
Nerlove, 1988, Engle et al., 1990). The VAR specification estimated is of the 
following form: 
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 ΔV1,t  = aV1i ΔV1,t-i   + bV1,iΔV2,t-i  + εV1,t                         
(1a) 
                                                             εi,t | Ωt-1 ~ IN(0, Ht)        
ΔV2,t   = aV2,i ΔV1,t-i   + bV2,i ΔV2,t-i  +  εV2,t                        
(1b)               
 
where aV1,i, bV1,i, aV2,i, bV2,i are the short-run coefficients, and εV1,t and εV2,t are 
residuals.  
In order to test for volatility spillover effects on paired stocks, a bivariate 
generalized autoregressive conditional heteroscedasticity model (GARCH) 
(Bollerslev 1986) is applied to daily stock price data covering an approximate six-
year period in order to investigate the volatility transmission between the thirty 
stocks. The key insight of GARCH specification lies in the distinction between 
conditional and unconditional variances of the innovations process {εt}. The 
“conditional” term implies explicit dependence on a past sequence of observations. 
The “unconditional” term is more concerned with long-term behaviour of a time 
series and assumes no explicit knowledge of the past. A GARCH model 
characterizes the conditional distribution of εt by imposing alternative 
parameterisations to capture serial dependence on the conditional variance of the 
innovations. The VAR-GARCH (p, q) model is estimated using the Student-t as the 
density function. Lag lengths p and q, based on Likelihood Ratio (LR) tests of 
alternative specifications, fit a VAR-GARCH (1,1) model. Finally, the GARCH 
model is used under the following BEKK parameterisation of Baba et al. (1989), 
which results in a more parsimonious specification and allows the conditional 
variances to provide the time-varying character of the model: 
 
Ht = A’A + B’Ht-1B + C’εt-1εt-1’C + V1’u1,t-1u1,t-1’V1 + V2’u2,t-1u2,t-1’V2                      
(2) 
 
where A is a 2x2 lower triangular matrix of coefficients while B and C are 2x2 
matrices of coefficients. Matrices V1 and V2 contain parameters of spillover effects, 
u1,t-1 and u2,t-1 whose elements are lagged square error-terms. Specifically, u1,t-1 
represents the volatility spillover effect from stock 1 to stock 2 and u2,t-1 represents 
the volatility spillover effect from stock 2 to stock 1. The advantage of this model is 
that it is guaranteed to be positive definite.  
 
The general form of the likelihood function is: 
 
L(εt, Ht) = tH
2)]Γ(v/2)[π(v
v)/2]Γ[(2
−
+ -1/2 [1 + 
2v
1
−  εt’, Ht
-1 εt]-[(2+v)/2]    for v > 4         
(3)  
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where Γ(.) is the gamma function. The Student-t distribution is used as the density 
function because the values of the degrees of freedom, v, were found to be greater 
than 4 in all cases (Bollerslev, 1986).   
 
4. Volatility Transmission and Results 
 
The diagnostic tests based on the GARCH standardized residuals (εit / √ hit), 
indicate no serial correlation and no ARCH effects in almost all cases. [11] They 
indicate that markets exhibit no serial dependence on the conditional variance of 
past information and absence of dependence on past volatility rates. 
Next, the conditional variance of the VAR-GARCH model for each pair of 
stocks is examined. Table 5 (see APPENDIX) presents the volatility spillover 
parameters, while Tables 6 and 7, based on Table 5, summarise the volatility 
spillover directions on a sectoral and market/regional basis.  
Referring to Table 5, (see APPENDIX) the coefficients of volatility spillover 
effects V1 and V2 define the effect of lagged squared residuals of the stock 1 
equation in explaining the volatility rates of stock 2, and of the stock 2 equation in 
defining the volatility rates of stock 1, respectively. Complete interconnection 
between two equities would imply that the direction of spillover works both ways, 
and is bi-directional. Partial interconnection between two equities could take the 
form of one stock affecting the other but not the other way around (uni-directional). 
For example, the coefficient of the volatility spillover from Vodafone UK (e21) to 
Telecom Italia (e11) is (0.023), and statistically significant at the 5% level, while the 
coefficient of the volatility spillover from Telecom Italia to Vodafone UK is (0.085) 
and insignificant, which implies that there is a uni-directional effect in volatility 
spillovers between the British stock and the stock of the Italian telecommunication 
company. Interesting results are obtained from Table 5 as the biggest part of the 
volatility spillover effects is statistically significant. More specifically, the 435 pairs 
of stocks entail 870 volatility spillover effects. Out of this total, 545 effects, 63%, 
are statistically significant, while 325 effects, 37%, are statistically insignificant. 
With respect to the statistically significant effects, 392 of them, 45% of total effects 
and 72% of the statistically significant effects, are bi-directional while the remaining 
153 effects, 18% and 28%, respectively, are unidirectional. Finally, 172 effects, 20% 
of total effects, depict no relationship. Adding to these the 153 unidirectional 
statistically insignificant effects, one comes up with 325 statistically insignificant 
effects in total. These findings indicate a rather high degree of interconnection 
among the thirty most traded stocks in these significant European financial centres. 
This interconnection seems to be particularly strong for the bi-directional cases 
which cover almost half of the total effects, where no predictions can be made for 
the pricing of a stock solely by taking into consideration another stock’s movements. 
An increase of bi-directional effects in the future could further intensify this equity 
co-movement. 
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At the same time 172 effects refer to lack of any interconnection, which is 
particularly high for about 6 of the 30 stocks examined. Taking into account the 
proportion of statistically insignificant effects (37%) as well as the fact that 17% of 
the significant effects depict unidirectional links, this evidence tends to demonstrate 
that even in the most EU interconnected markets of the reviewed period (Bartram et 
al., 2007), there is still significant room for further equity interconnection, which is 
desirable for a stronger EU equity market integration. At the same time it may imply 
that interconnection is rather less pronounced for the vast majority of the remaining 
less liquid stocks of these markets, while equity and market interconnection is 
expected to be lower when including other smaller EU financial centres. Despite 
these findings, it remains true that the majority of the volatility effects in this study 
seem to suggest that these major European equity markets have achieved a 
significant degree of dependence, reinforcing the results of previous studies which 
may increase in the future.  
Looking at Tables 6 and 7, (see APPENDIX) which illustrate the empirical 
results of Table 5 on sectoral and market/regional level, one could obtain an 
additional useful insight into the existing degree of stock market interconnection 
between these equities and the related equity markets. Banking with 153 volatility 
effects, 118 bi-directional and 35 uni-directional effects, telecommunications with 
115 effects (68 and 47 effects) and energy depicting 101 effects (86 and 15) seem to 
be the most interconnected sectors in EU. Insurance and pharmaceuticals seem to 
come next. As far as the markets are concerned, the French equity market with 113 
volatility spillover effects, depicts the higher degree of interconnection followed by 
the rest: the British (97 effects), the German (93 effects), the Spanish (88 effects), 
the Scandinavian/Danish (80 effects) and the Italian market (74 effects). Analysing 
the findings by equity it can be seen that France Telecom (29 effects), AXA (23), 
Royal Bank of Scotland (23), Danske Bank (22), Vodafone (22), BSCH (22), 
Totalelf Fin (21), Siemens (21) and SAP A.G. (21) present the highest number of 
effects in the EU markets, and are closely followed by the stocks of Deutsche Bank, 
Allianz, British Petroleum, Telefonica, Sanofi-Aventis and HSBC. Then, a group of 
about ten stocks depict significant links. In addition, the findings of Table 5 (see 
APPENDIX) provide even more detailed results in terms of the stronger leading 
stock for each bilateral relationship, as well as for the stock that activates each 
unidirectional effect. Finally, the findings regarding the banking sector, which 
scores the highest integration, seem to match the significant developments on the 
harmonisation of the regulatory framework on financial services, the freedom in 
capital mobility and the banking expansion throughout the EU. 
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5. Conclusions 
 
The results on equity interconnection in the six major EU equity markets 
suggest a high current degree of equity co-movement. This situation is depicted 
through strong effects from one stock to the other, as well as through significant 
feedback effects between stocks. Enhanced equity interconnection in turn brings 
forth the desired characteristics in the European equity markets as well as the 
expected benefits to the European economy. The results imply significant effects on 
the level of effective operation of markets and the pricing of the assets traded. 
Therefore, they are deemed to be useful to portfolio managers, since in designing 
and implementing their investment strategies they need to evaluate the effect that a 
stock receives from other stocks and the degree to which a stock’s value is 
determined in conjunction with other stocks. The analysis of stock pair coefficients 
seems to be detailed enough to be useful, as an understanding of these equity and 
sectoral market links is needed in investment choice and in risk management. The 
same is true for other market participants such as investment service companies and 
exchanges. These, in the light of the findings, need to formulate their strategy for 
business growth through networking and consolidation throughout the EU in order 
to satisfy investor needs and achieve in this way adequate transactions and liquidity. 
This competition seems to be turning into an endurance race and these institutions 
need to intensify their efforts to remain within the game. As experience indicates 
from the other side of the Atlantic, it is eventually a few markets that would take on 
the bulk of the business and be in the lead (McAndrews and Stefanidis, 2002).  
At the same time this empirical analysis indicates that there remains a notable 
group of stocks, which achieve lower interconnection as feedback effects are absent, 
while for a significant number of highly liquid stocks there is complete lack of 
interconnection. Also, it should be taken into account that this study was based upon 
the most liquid European stocks leaving aside the largest number of stocks in these 
liquid and the remaining less liquid EU markets. Therefore, one would tend to 
expect a lesser degree of interconnection for them, reducing partially or significantly 
EU market interconnection. It also implies investment portfolios geared towards 
home assets, as the benefits of international diversification are not large enough to 
offset costs due to remaining market imperfections. While the latter cannot be fully 
reduced, owing to slowly changing structural factors affecting the financial markets 
and the real economies within the EU, it is true at the same time that there is room 
for the enhancement of European equity market interconnection in the future. This 
seems to be the challenge for the new EU regulatory arrangements which are 
infusing a strong wind of competition into all market activity. At the same time the 
EU competent authorities are determined to enforce EU legislation for a complete 
link of markets on trading and execution and for the eradication of certain legal and 
fiscal barriers still prevailing inside the EU. [12] This could in turn lead to a further 
reduction of the remaining market segmentation related to these aspects. In this way 
cross border transactions would be accelerated under lower transaction costs and 
absence of other barriers. Given the current status of EU equity integration, it will be 
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of great interest to observe its future evolution, as there is more to be done for 
establishing a fully-fledged single equity market. 
 
Endnotes 
 
[1]  European Council, 1993. Directive 93/22/EEC on investment services in the 
securities field (OJ L 141, 11.06.1993). 
[2] Communication of the Commission, 1999. Financial Services: Implementing the 
framework for financial markets: Action Plan, May. 
[3] The Committee of Wise Men. 2001. Final Report of the Committee of Wise Men 
on the regulation of European Securities Markets.  
(http://ec.europa.eu/internal_market/securities/lamfalussy/index_en.htm). 
[4] European Parliament and European Council, 2004. Directive 2004/39/EC on 
Markets in Financial Instruments, (OJ L 145, 30.04.2004). 
[5] It is worth mentioning the findings and the European Commission’s warnings of 
remaining very high costs in cross country transactions, the problems in their 
execution and the need for the unification of the clearing and settlement systems 
within EU (J.P. Morgan and McKinsey, 2002, European Commission, 2008). 
[6] Federation of European Securities Exchanges (2009). 
[7] A more complete understanding on EU market interconnections, beyond the 
major EU markets, would need to include stocks of remaining EU markets, provided 
that one faces successfully the gathering of data for each market that safeguards the 
most liquid stocks with continuous presence throughout the examined period. 
[8] It would be useful in this case to also analyse a number of low capitalisation and 
tradability stocks of these markets, having faced of course the issues mentioned in 
note 6. 
[9] Federation of European Securities Exchanges (FESE), historical data 
(www.fese.be). 
[10] It could be pointed perhaps that one could take a selection of thirty stocks from 
anywhere in the world and produce results or even close findings. While this could 
be done, the task of this paper is to report on the extend of EU equity 
interconnection. 
[11] The diagnostic tests results are available upon request. 
[12] On execution –clearing and settlement- it should be mentioned that market 
operators have been committed to the implementation of a Code of Conduct by 
2008, which links and harmonises the operation of clearing and settlement systems 
at a EU level. 
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APPENDIX 
 
Table 2. Presentation of the 30 stocks by country and sector 
  
 
 
 
 
 
Stocks Country/Exchange Sector/Industry
1 Totalelf Fin France / Euronext Paris Energy
2 Sanofi-Aventis France / Euronext Paris Pharmaceutical
3 BNP Paribas France / Euronext Paris Banking
4 France Telecom France / Euronext Paris Telecommunications
5 AXA France / Euronext Paris Assurance
6 Siemens Germany / Deutsche Börse Telecommunications
7 SAP A.G Germany / Deutsche Börse Software
8 Deutsche Bank Germany / Deutsche Börse Banking
9 E.ON Germany / Deutsche Börse Energy
10 Allianz Germany / Deutsche Börse Assurance
11 Telecom Italia Italy / Borsa Italiana Telecommunications
12 ENI Italy / Borsa Italiana Energy
13 STMicroElectronics Italy / Borsa Italiana Electronics
14 Unicredito Italy / Borsa Italiana Banking
15 Generali Italy / Borsa Italiana Assurance
16 Danske Bank Denmark / OMX Banking
17 Novo Nordisk Denmark / OMX Pharmaceutical
18 Vestas Wind Systems Denmark / OMX Manufactoring
19 TDC Denmark / OMX Telecommunications
20 Moeller Maersk Denmark / OMX Industrials
21 Vodafone UK / LSE Telecommunications
22 British Petroleum UK / LSE Energy
23 HSBC UK / LSE Banking
24 RBS UK / LSE Banking
25 Rio Tinto UK / LSE Mining
26 Telefonica Spain / The Spanish Exchanges Telecommunications
27 BSCH Spain / The Spanish Exchanges Banking
28 Repsol Spain / The Spanish Exchanges Energy
29 Endesa Spain / The Spanish Exchanges Energy
30 BBVA Spain / The Spanish Exchanges Banking
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Table  3. Descriptive Statistics of daily returns from January 2002 to November 2007 
    Notes:  1.Results are for the return series Rt = ln (Pt/Pt-1)*100, where P = stock price.  
                2.  Number of observations is 1.482. 
    3. t-statistics in parentheses. 
    4. *: Statistically significant at 5% significance level. 
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Table 4.  Descriptive statistics of Logarithmic-First Differences of Stock Prices (01/2002 - 11/2007) 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 1. ADF(L) and ΡΡ(L) are test results in levels, while ADF(D) and PP(D) are test results in first differences. 
            2. Critical values for ADF and PP tests are -3.4369 for 1%, -2.8636 for 5% and -2.5678 for 10%, respectively. 
  3. Q(12) and Q2(12) are Q test statistics of Ljung and Box (1978) for the 12 first lags of the autocorrelation function in series and squared series, respectively. Test critical value is 
21.026 for 5%. 
           4. Asymptotic critical values for KPSS test (Kwiatkofski, Phillips, Schmidt and Shin) is 0.739 for 1%, 0.463 for 5% and 0.347 for 10%, respectively (K-P-S-S,  1992). 
            5. *: Statistically significant at 5% significance level. 
 Stocks Q (12) Q2  (12) ARCH LM ADF (L) ADF (D) PP (L) PP (D) KPSS
Totalfin Elf   (F) 251.223 287.30 46.751 [0.000] -1.321 -15.523 -1.701 -36.465 0.606
Sanofi-Aventis  (F) 75.505 45.75 20.841 [0.000] -1.141 -35.336 -1.656 -35.360 0.879
BNP Paribas   (F) 44.212 149.00 36.788 [0.000] -1.435 -34.603 -1.522 -34.733 0.521
France Telecom (F) 56.648 235.97 44.986 [0.000] -1.329 -35.582 -1.824 -36.492 0.568
AXA   (F) 67.597 432.82 52.363 [0.000] -1.219 -38.869 -1.684 -38.967 0.743
Siemens  (G) 96.034 71.23 54.03 [0.000] -1.546 -24.055 -1.682 -46.998 0.679
SAP A.G.  (G) 45.759 131.37 41.617 [0.000] -1.884 -25.976 -1.441 -41.651 0.861
DB  (G) 66.345 43.59 49.022 [0.000] -1.603 -59.533 -1.356 -54.032 0.876
E.ON (G) 74.643 69.57 26.423 [0.000] -1.597 -42.895 -1.553 -42.922 0.615
Allianz (G) 54.213 68.97 51.94 [0.000] -1.599 -24.603 -1.523 -66.744 0.793
Telecom Italia  (I) 49.789 290.64 59.02 [0.000] -1.693 -28.954 -1.794 -122.593 0.555
ENI  (I) 57.135 145.50 87.36 [0.000] -1.252 -22.690 -1.522 -34.502 0.680
STMicroelectronics (I) 49.881 243.64 77.44 [0.000] -1.693 -43.220 -1.607 -54.201 0.790
Unicredito  (I) 112.151 52.24 76.155 [0.000] -1.532 -34.693 -1.325 -123.451 0.789
Genearali (I)  78.693 66.395 77.592 [0.000] -1.424 -37.524 -1.562 -89.592 0.692
Danske Bank (C) 129.959 270.11 36.424 [0.000] -1.605 -38.623 -1.630 -38.525 0.650
Novo Nordisc (C) 92.004 66.75 67.92 [0.000] -1.455 -45.693 -1.794 -40.687 0.677
Vestas W ind Systems (C) 93.040 134.60 63.91 [0.000] -1.633 -34.606 -1.603 -32.444 0.730
TDC  (C ) 53.525 45.522 68.692 [0.000] -1.592 -59.625 -1.592 -83.525 0.682
M oeller Maersk (C) 89.735 100.525 89.592 [0.000] 1.424 -67.792 -1.784 -69.725 0.769
Vodafone   (UK) 77,39 58.37 77.98 [0.000] -1.223 -35.033 -1.602 -65.784 0.678
BP   (UK) 141.998 48.39 43.422 [0.000] -1.367 -36.289 -1.391 -36.198 0.880
HSBC   (UK) 81.809 53.79 58.16 [0.000] -1.762 -28.231 -1.449 -30.811 0.662
RBS (UK) 56.584 86.252 95.521 [0.000] -1.491 65.036 -1.384 -66.894 0.894
RIO TINTO (UK) 99.683 87.783 37.693 [0.000] -1.582 68.693 -1.522 22.5o2 0.733
Telefonica   (Sp) 34.857 30.14 86.842 [0.000] -1.034 -27.701 -1.060 -94.231 0.735
Repsol   (Sp) 69.045 39.78 35.77 [0.000] -1.593 -45.021 -1.653 -77.845 0.853
BSCH  (Sp) 132.778 256.41 28.435 [0.000] -1.747 -32.462 -1.921 -126.503 0.939
Endesa  (Sp) 100.932 49.21 79.023 [0.000] -1.783 -44.693 -1.602 -112.402 0.922
BBVA (Sp) 56.592 58.602 83.692 [0.000] -1.592 -66.525 -1.5 i2 -59.693 0.674
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Table 5. Volatility spillover effects 
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V 2 0 .0 5 6 0 .0 8 7 0 .0 6 3 -0 .0 1 1 0 .1 0 5 0 .0 6 6 0 .0 4 5 0 .1 3 8 0 .0 7 9 0 .0 2 1 0 .0 7 9 0 .0 6 4
V 1 -0 .0 7 6 0 .0 6 9 0 .0 4 8 0 .0 5 2 0 .0 5 3 0 .0 7 8 0 .0 4 8 0 .0 7 2 0 .0 4 1 0 .0 4 4 0 .0 1 5 0 .0 4 7 -0 .0 4 0
V 2 0 .1 0 2 -0 .0 4 9 0 .1 0 2 -0 .0 8 1 -0 .0 3 5 0 .1 2 3 -0 .1 4 4 -0 .0 5 0 0 .1 3 8 -0 .0 1 4 0 .0 3 7 0 .1 6 7 -0 .0 7 6
V 1 0 .0 5 8 -0 .0 4 4 -0 .0 7 5 0 .0 4 2 0 .0 5 4 0 .0 5 2 0 .0 2 8 0 .0 4 0 0 .1 3 1 0 .0 4 8 0 .0 7 1 0 .1 0 8 0 .0 5 0 0 .0 3 1
V 2 0 .0 9 9 0 .1 3 6 0 .1 3 7 -0 .1 0 0 -0 .0 9 5 0 .1 5 1 -0 .1 8 3 0 .1 1 1 0 .0 5 1 -0 .1 3 9 0 .1 1 2 0 .0 9 5 0 .0 9 7 0 .0 8 7
V 1 0 .2 1 8 0 .1 6 4 0 .1 0 7 0 .0 0 8 0 .1 5 1 -0 .0 9 7 0 .2 0 1 0 .1 3 4 0 .1 5 8 0 .1 1 2 0 .1 4 1 0 .1 7 7 -0 .0 7 2 -0 .1 9 9 0 .2 1 6
V 2 0 .1 7 2 0 .1 8 9 0 .1 2 1 0 .0 5 0 -0 .1 3 8 0 .1 6 5 0 .1 1 5 0 .1 5 3 0 .1 1 7 -0 .0 8 4 0 .0 4 7 0 .1 3 9 -0 .1 3 6 -0 .0 2 8 0 .0 9 5
V 1 0 .4 1 5 0 .2 8 8 0 .3 8 0 0 .3 4 4 0 .4 8 2 0 .5 8 8 0 .1 7 4 -0 .2 5 3 0 .2 9 7 0 .2 0 5 0 .1 7 6 -0 .3 1 3 0 .4 1 4 0 .3 2 4 0 .0 1 8 0 .1 8 3
V 2 0 .0 2 3 0 .0 4 5 -0 .0 3 2 0 .0 4 5 0 .1 1 1 0 .0 6 8 -0 .1 1 1 0 .0 4 8 0 .0 1 7 -0 .2 1 8 0 .0 8 4 -0 .0 1 5 0 .1 0 6 -0 .0 5 9 0 .0 4 1 -0 .0 6 6
V 1 0 .0 7 2 0 .2 0 4 -0 .6 5 9 0 .5 0 7 -0 .6 3 3 -0 .6 2 5 -0 .5 3 9 -0 .6 4 8 -0 .2 3 8 0 .5 2 4 -0 .8 3 4 0 .2 4 7 0 .5 4 6 0 .0 1 8 0 .4 9 7 -0 .0 4 1 -0 .0 3 1
V 2 0 .0 3 8 0 .0 4 3 0 .0 3 9 0 .0 1 4 0 .0 3 1 0 .0 4 6 0 .0 3 4 0 .0 2 5 0 .0 2 1 0 .0 3 2 0 .0 9 2 0 .0 3 2 0 .0 2 6 0 .0 7 2 0 .0 3 5 0 .0 5 3 -0 .0 0 2
V 1 0 .1 9 6 0 .1 3 7 0 .0 9 4 0 .0 7 3 0 .1 0 2 0 .1 0 2 0 .0 4 2 0 .1 7 8 0 .2 8 9 0 .1 6 1 0 .1 2 6 0 .2 3 5 0 .0 9 8 0 .1 3 9 0 .0 8 8 0 .1 3 1 0 .0 7 0 0 .1 4 1
V 2 0 .0 5 0 0 .0 8 3 0 .0 6 3 -0 .0 3 4 -0 .0 5 2 -0 .1 1 5 0 .0 9 4 0 .0 6 4 -0 .0 7 2 -0 .0 5 1 0 .0 2 1 0 .1 0 8 0 .0 6 8 -0 .0 4 0 0 .0 3 1 0 .1 1 1 -0 .3 2 0 0 .6 7 8
V 1 0 .2 4 5 0 .2 5 5 0 .2 6 6 0 .1 1 9 0 .2 5 7 0 .1 3 1 0 .0 8 9 0 .1 3 5 0 .0 1 5 0 .0 8 9 0 .0 1 5 0 .5 4 7 0 .2 9 7 0 .0 5 0 0 .1 8 0 0 .1 4 0 0 .0 8 7 0 .0 7 5 0 .0 7 3
V 2 0 .1 0 6 0 .0 9 0 0 .0 9 4 -0 .0 7 7 0 .0 9 8 0 .0 7 9 0 .1 5 6 0 .0 8 9 -0 .0 0 5 0 .0 3 5 0 .2 7 0 0 .0 7 1 0 .0 7 2 0 .1 1 3 0 .2 1 5 0 .1 4 2 -0 .1 9 5 0 .1 6 6 0 .1 7 7
V 1 0 .2 0 0 -0 .0 8 1 0 .1 0 7 0 .0 8 9 0 .0 6 2 0 .0 9 7 -0 .0 4 5 0 .1 0 1 -0 .2 1 8 0 .2 1 5 0 .0 2 3 0 .2 1 2 0 .0 8 6 0 .0 4 8 0 .1 2 6 -0 .0 4 2 0 .0 9 4 0 .1 1 9 -0 .0 2 2 0 .1 1 1
V 2 0 .0 4 6 0 .1 1 4 0 .0 8 4 0 .0 6 7 -0 .1 0 7 0 .0 9 4 -0 .1 4 5 0 .0 9 6 0 .1 4 3 0 .3 0 5 0 .0 8 5 0 .0 5 0 0 .0 8 8 0 .0 3 1 0 .0 6 4 0 .1 2 2 0 .4 9 2 0 .3 1 4 0 .1 0 0 0 .1 4 7
V 1 -0 .0 1 8 0 .0 8 5 0 .0 7 1 0 .0 6 8 0 .0 6 1 0 .0 9 5 0 .0 8 9 0 .0 8 3 0 .0 5 3 0 .2 0 0 0 .0 5 5 0 .1 5 2 0 .0 8 6 0 .0 1 5 0 .1 0 3 0 .0 4 3 0 .0 4 3 0 .0 4 2 0 .0 7 7 0 .2 1 5 0 .0 7 2
V 2 0 .0 9 5 0 .0 9 7 0 .0 9 1 -0 .1 1 1 -0 .1 4 5 0 .0 9 8 0 .0 7 6 0 .1 2 6 0 .0 7 7 0 .1 1 7 0 .0 6 7 0 .1 1 9 0 .1 3 0 0 .0 1 8 -0 .0 7 6 0 .1 6 5 0 .3 8 6 -0 .0 1 1 0 .2 3 5 0 .1 4 7 0 .2 1 3
V 1 0 .0 6 6 0 .0 8 9 0 .0 4 8 0 .0 5 5 0 .0 4 1 0 .0 8 7 0 .0 7 2 0 .0 9 3 0 .0 6 4 0 .0 6 4 0 .0 9 9 0 .1 1 6 0 .0 1 5 0 .0 7 1 0 .0 7 7 0 .0 8 1 -0 .0 4 7 0 .0 1 9 0 .0 5 3 -0 .0 1 9 0 .0 7 8 0 .0 7 0
V 2 -0 .1 0 0 0 .0 8 7 0 .1 1 0 -0 .0 8 9 0 .1 4 9 0 .1 8 6 0 .0 1 1 0 .1 3 3 0 .1 0 5 0 .0 2 1 0 .0 7 2 0 .0 9 6 0 .0 8 9 -0 .0 8 3 -0 .0 7 2 -0 .2 5 3 -0 .8 3 2 0 .0 5 1 0 .1 3 1 0 .3 2 3 0 .1 4 5 0 .0 9 3
V 1 -0 .1 5 8 0 .1 6 0 0 .1 3 7 0 .1 0 7 0 .0 9 5 0 .1 8 7 0 .2 2 7 0 .1 1 6 0 .0 8 0 0 .0 4 1 0 .0 2 3 -0 .1 6 4 0 .0 9 6 0 .0 7 7 0 .1 8 9 0 .1 3 2 0 .0 8 8 0 .0 3 6 0 .0 9 1 0 .0 8 6 0 .1 2 1 -0 .1 0 9 0 .1 8 1
V 2 0 .0 9 7 0 .0 5 7 -0 .1 2 7 0 .0 6 7 0 .1 1 6 0 .2 1 9 -0 .2 1 5 0 .1 1 5 0 .1 1 9 0 .1 2 1 -0 .1 1 1 0 .1 2 1 -0 .1 3 6 0 .0 9 4 0 .0 6 4 0 .2 1 5 0 .3 3 2 -0 .7 1 2 0 .1 8 2 0 .1 5 7 0 .1 0 9 0 .0 7 1 -0 .0 4 8
V 1 0 .0 2 5 0 .0 8 1 0 .0 4 5 -0 .0 2 2 0 .1 0 0 0 .0 2 5 -0 .0 3 0 0 .0 8 3 0 .0 1 7 0 .0 1 5 0 .0 7 8 0 .1 6 1 -0 .1 4 0 -0 .0 5 3 0 .1 8 5 0 .0 7 6 0 .0 5 2 0 .0 2 4 0 .1 1 8 0 .0 8 2 0 .0 2 9 -0 .0 4 1 -0 .0 4 9 0 .0 1 7
V 2 -0 .0 4 8 0 .0 5 3 -0 .0 7 2 -0 .0 3 9 0 .0 4 1 -0 .0 6 6 0 .0 6 3 0 .0 3 8 0 .1 1 8 0 .2 1 9 -0 .4 6 9 0 .0 3 4 -0 .0 3 5 0 .1 0 2 0 .0 6 5 -0 .0 8 8 -0 .1 4 3 0 .5 8 2 0 .2 1 3 0 .1 0 2 -0 .0 8 0 0 .0 6 2 0 .0 3 9 0 .0 2 3
V 1 -0 .1 1 0 0 .1 4 2 -0 .0 4 9 0 .3 0 5 0 .2 1 5 0 .0 2 0 0 .0 8 5 -0 .0 8 2 0 .1 0 1 0 .0 4 4 -0 .0 9 4 -0 .1 6 1 0 .0 8 1 -0 .1 0 6 0 .1 1 5 -0 .1 8 0 0 .0 6 8 0 .0 4 5 0 .0 2 9 -0 .0 1 8 -0 .0 6 5 -0 .0 9 3 0 .1 8 0 0 .2 1 2 0 .1 5 1
V 2 0 .1 1 2 -0 .1 1 1 -0 .1 2 9 -0 .1 2 9 0 .0 4 1 0 .1 4 7 -0 .2 8 8 -0 .1 7 1 -0 .0 8 5 -0 .1 6 1 0 .5 4 7 0 .0 9 5 -0 .1 8 5 0 .0 9 8 0 .0 1 5 0 .1 5 6 0 .3 4 7 0 .1 5 1 -0 .1 0 2 0 .1 0 5 0 .1 0 2 0 .1 3 4 0 .1 1 4 -0 .1 9 7 0 .0 5 9
V 1 0 .0 8 1 0 .0 0 7 -0 .0 3 1 0 .0 9 5 0 .0 3 9 0 .2 1 1 0 .1 0 6 0 .0 9 1 0 .0 3 9 0 .0 8 6 0 .0 2 9 0 .0 4 4 0 .0 2 0 0 .1 3 9 0 .0 1 9 0 .0 8 7 -0 .0 3 3 0 .0 1 5 0 .0 6 0 0 .0 7 9 0 .1 2 0 0 .0 8 1 0 .2 0 6 0 .0 9 1 -0 .0 4 2 0 .1 5 5
V 2 0 .1 0 7 0 .0 8 7 0 .1 4 1 -0 .1 1 3 -0 .2 4 9 0 .1 3 1 -0 .1 7 7 0 .1 1 5 -0 .0 8 5 -0 .1 1 9 -0 .0 9 0 -0 .1 1 0 0 .0 8 4 0 .0 8 9 0 .0 9 5 0 .1 1 7 0 .0 9 7 0 .0 4 7 0 .3 1 0 0 .4 4 6 0 .1 6 6 0 .1 0 8 0 .0 7 3 0 .0 9 1 0 .0 6 9 0 .1 3 5
V 1 0 .1 4 3 -0 .1 9 2 0 .0 9 3 0 .1 4 5 0 .0 4 3 0 .1 6 7 -0 .1 4 7 0 .1 0 5 -0 .0 7 8 0 .1 0 6 0 .0 8 6 0 .2 2 8 -0 .0 5 3 -0 .0 4 8 -0 .1 6 1 0 .1 7 2 -0 .0 3 9 0 .0 5 7 0 .0 3 2 -0 .0 4 5 -0 .1 0 2 -0 .0 7 8 0 .2 6 5 -0 .2 6 1 -0 .0 6 4 0 .1 7 8 0 .2 5 4
V 2 -0 .0 6 1 -0 .0 8 0 -0 .0 3 3 -0 .1 0 4 -0 .1 4 6 0 .1 1 4 -0 .2 1 1 -0 .0 6 3 0 .0 6 1 -0 .0 3 5 0 .0 1 7 0 .0 9 2 0 .1 0 0 0 .1 1 5 -0 .0 1 8 -0 .0 9 1 -0 .2 7 4 0 .6 6 7 0 .0 3 0 0 .3 6 4 0 .0 2 4 0 .0 8 2 0 .0 4 3 0 .1 2 5 -0 .0 3 7 -0 .2 9 7 -0 .1 9 6
V 1 0 .2 6 6 0 .2 1 0 0 .1 9 5 -0 .4 0 1 -0 .1 5 6 0 .1 1 5 0 .1 6 9 -0 .2 0 9 0 .1 8 3 0 .1 4 3 0 .0 8 6 -0 .1 9 8 0 .1 6 9 0 .1 3 8 0 .2 7 6 -0 .3 1 0 0 .0 7 3 0 .0 4 7 0 .0 7 6 0 .0 8 9 0 .2 0 2 0 .2 2 1 0 .3 8 9 0 .2 0 9 0 .0 5 2 0 .2 3 7 0 .3 0 7 0 .2 2 4
V 2 0 .1 4 7 0 .0 7 0 -0 .0 4 7 -0 .5 3 0 0 .0 9 5 -0 .0 7 3 -0 .2 1 6 -0 .0 5 2 0 .0 7 4 -0 .0 5 7 0 .0 6 2 0 .0 6 1 -0 .0 9 8 0 .0 4 9 0 .0 7 9 0 .2 7 5 -0 .0 0 2 0 .0 4 5 0 .0 2 9 0 .1 0 2 -0 .0 2 2 0 .0 8 9 0 .0 3 1 -0 .1 1 8 -0 .1 4 1 0 .3 4 1 0 .1 0 4 -0 .4 7 5
V 1 -0 .1 3 5 0 .0 8 9 -0 .1 7 5 0 .9 9 5 -0 .2 1 0 0 .0 0 5 -0 .1 0 3 -0 .2 1 6 -0 .1 2 6 0 .1 9 8 0 .0 5 9 0 .0 5 7 -0 .0 7 1 0 .0 4 0 0 .0 9 3 -0 .1 3 1 0 .0 1 8 0 .0 1 5 0 .0 1 8 -0 .0 6 4 0 .0 8 0 0 .0 8 1 -0 .0 4 2 -0 .1 6 0 0 .0 6 6 0 .2 1 0 -0 .1 0 2 -0 .0 3 3 0 .0 5 2
V 2 0 .1 4 7 0 .3 0 4 0 .1 4 9 0 .1 1 0 -0 .1 7 7 0 .0 1 1 -0 .3 8 3 0 .1 1 9 0 .1 6 2 -0 .1 5 2 0 .0 4 0 0 .0 8 0 -0 .1 3 3 0 .0 3 1 0 .1 1 7 0 .1 7 3 0 .1 4 0 0 .3 6 7 0 .0 4 0 0 .1 2 6 0 .0 4 5 0 .1 7 2 0 .1 0 7 0 .2 0 9 -0 .0 9 6 0 .1 1 9 0 .1 8 9 0 .1 5 9 0 .2 1 0
e 2 7
e 2 8
e 2 9
e 3 0
e 2 3
e 2 4
e 2 5
e 2 6
e 1 9
e 2 0
e 2 1
e 2 2
e 1 5
e 1 6
e 1 7
e 1 8
e 1 1
e 1 2
e 1 3
e 1 4
e7
e8
e9
e 1 0
e3
e4
e5
e6
U K S p a in
e1
e2
F ran c e G erm an y Ita ly D e n m a rk
European Research Studies,Volume XIII, Issue (3), 2010  
 
 
130
Note: The upper diagonal of this output matrix is not repeated as it mirrors the bottom half. 
 
 
Table 6. Volatility spillover directions, sectoral analysis 
 Stocks Sector/Industry Bidirectional Unidirectional No interconnection 
   Stat. Signif. effects Stat. Signif. effects Stat. Insignif. effects Stat. Insignif. effects 
s3 BNP Paribas Banking 18 3 4 4 
s8 Deutsche Bank Banking 17 3 4 5 
s14 Unicredito Banking 9 2 7 11 
s16 Danske Bank Banking 19 3 5 2 
s23 HSBC Banking 15 4 7 3 
s24 RBS Banking 20 3 2 4 
s27 BSCH Banking 10 12 2 5 
s30 BBVA Banking 10 5 4 10 
s4 France Telecom Telecommunications 9 20 0 0 
s6 Siemens Telecommunications 15 6 3 5 
s11 Telecom Italia Telecommunications 6 4 4 15 
s19 TDC Telecommunications 11 2 10 8 
s21 Vodafone Telecommunications 15 7 4 3 
s26 Telefonica Telecommunications 12 8 1 8 
s2 Sanofi-Aventis Pharmaceutical 10 9 8 2 
s17 Novo Nordisk Pharmaceutical 12 1 12 4 
s1 Totalelf Fin Energy 18 3 8 0 
s9 E.ON Energy 10 1 7 11 
s12 ENI Energy 15 3 5 6 
s22 British Petroleum Energy 16 4 4 5 
s28 Repsol Energy 11 4 10 4 
s29 Endesa Energy 16 0 11 2 
s5 AXA Insurance 15 8 2 4 
s10 Allianz Insurance 11 9 3 6 
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s15 Generali  Insurance 13 5 2 9 
s25 Rio Tinto Mining 5 8 2 14 
s18 Vestas Wind  Manufactoring 8 6 7 8 
s20 Moeller Maersk Industrials 17 1 6 5 
s13 STMicroElectronics Electronics 16 1 7 5 
s7 SAP A.G Software 13 8 4 4 
 TOTAL EFFECTS 870 392 153 153 172 
 Stat. Significant 545 392 153  
 Stat. Insignificant 325   153 172 
Table 7. Volatility spillover directions, regional analysis 
  Stocks Country/Exchange Bidirectional Unidirectional No interconnection 
      Stat. Sign. Effects Stat. Sign. Effects Stat. Insign. Effects Stat. Insign. Effects 
s1 Totalelf Fin Euronext Paris 18 3 8 0 
s2 Sanofi-Aventis Euronext Paris 10 9 8 2 
s3 BNP Paribas Euronext Paris 18 3 4 4 
s4 France Telecom Euronext Paris 9 20 0 0 
s5 AXA Euronext Paris 15 8 2 4 
s6 Siemens Deutsche Börse 15 6 3 5 
s7 SAP A.G Deutsche Börse 13 8 4 4 
s8 Deutsche Bank Deutsche Börse 17 3 4 5 
s9 E.ON Deutsche Börse 10 1 7 11 
s10 Allianz Deutsche Börse 11 9 3 6 
s11 Telecom Italia Borsa Italiana 6 4 4 15 
s12 ENI Borsa Italiana 15 3 5 6 
s13 STMicroElectronics Borsa Italiana 16 1 7 5 
s14 Unicredito Borsa Italiana 9 2 7 11 
s15 Generali  Borsa Italiana 13 5 2 9 
s16 Danske Bank Denmark / OMX 19 3 5 2 
s17 Novo Nordisk Denmark / OMX 12 1 12 4 
s18 Vestas Wind  Denmark / OMX 8 6 7 8 
s19 TDC Denmark / OMX 11 2 8 8 
s20 Moeller Maersk Denmark / OMX 17 1 6 5 
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s21 Vodafone LSE 15 7 4 3 
s22 British Petroleum LSE 16 4 4 5 
s23 HSBC LSE 15 4 7 3 
s24 RBS LSE 20 3 2 4 
s25 Rio Tinto LSE 5 8 2 14 
s26 Telefonica Spanish Ex. 12 8 1 8 
s27 BSCH Spanish Ex. 10 12 2 5 
s28 Repsol Spanish Ex. 11 4 10 4 
s29 Endesa Spanish Ex. 16 0 11 2 
s30 BBVA Spanish Ex. 10 5 4 10 
 TOTAL EFFECTS 870 392 153 153 172 
 Stat. Significant 545 392 153   
 Stat. Insignificant 325   153 172 
 
 
 
 
